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ABSTRACT

A computer program was developed to present shock front properties in the form of isovalues a
as functions of altitude of burst and range. This program consisted of a Sachs’ scaling routine and 2
a log-log interpolation routine, It was found thut overpressure, density, and Rho-U decrease with S
increasing altitude; particle velocity, density ratio, pressure ratio, and shock strength increase
with increasing altitude; thermal flux density and dynamie pressure remain relatively unchanged #

with increasing altitude. é
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SECTION 1
INTRODUCTION x

The standard scientific presentation of weapons eifects information is in the form of universal

: curves as in NOLTR-69-88! and EM-1. 2 For engineering purposcs a presentation in the form of
isovalues in the desired quantities on a chart of altitude and damage ranges may providc a more sig-

. nificant insight into the altitude dependexrce of isovalue ranges. The obtaining of these presetected
Sachs”

!

$8%eck

RN s A £ e 4]

igovalues is a standard and somewhat tedious problem in cross plotting and interpolation.

scaling and interpolation computex routines were obtained from NOL? and modified to inc~rporate

logarithmic interpolation,

.

et oMb R

A i
.

)

3
st

”

Lba g Adoke M P »”‘ o . > >, :
b b AR ARV L PV RAINL I L v b P K T s S SRR N o (3T SO

N
*

; F
¥

! Lehto, E. L., ond Larson, R, A. "Long Range Propagation of Spherical Shock Waves from Ex-
= plosions in Air." NOLTR-69-88. (Cnclassified)

o

¢ ? nCapavilities of Nuclear Weapons, " EM-1. (Confidential)

* Lehto, D. L., various private commurications on computer programs for Sachs® scaling ang inter-
< - polation schemes.
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SECTION 2

: DISCUSSION

4

Py
A

3

2-1, GENERAL., Damage to acronautical and missile systems within the sensible atmosphere

)4 (0 to 100,000 feet altitude) from nuclear weapons effects is expressikle in terms of damage distunces %
; for damage environments, such as oveypressure, dynamie pressure, thermal radiation, nevivon and .’g
? X-ray flux, etc. For some systems the dominant or largest damage distances are associsied wis ] “%
g hydr dynamic shock front properties or thermal radiation. TFhese sysiems are generally aess- é
aynamic. vehicles, such as aireraft, cruise nissiles, and Isw-alisinde-point defense missiles, such gz
'{\ as the 3Tt s, Nike, or Sprint, é@
3’ 2-2, SHOCK FRONT PROPERTIES, The hydrodynamic shock front preperties of interest o nero- ‘“

z ‘ dynamic vehicles can be defined by a system consisting of a sea-level, 1-kt, prossure-distance curve 35
- - and a means of obtaining aitilude and yield corrections to this basic curve, - %
7 2-3. THERMAL FLUX DENSITY. ‘The thermal flux density (Q) is defined by the formuia k'{

Q= ch/Rz, where R is the range, { is the thermul partition function, W is the vield, and c isa :?g
; constant containing-dimension factors and the transparency factor (T) of the atmosphere (in our g
% case T= 1, perfect transparency). 1z
) 24, STANDARD 1-KT. NUCLEAR FREE AIR PRESSURE-DISTANCE CURVE FOR SEA-LEVEL /{g
E CONDITIONS. The data for the 1 kt., sea-level cverprassure curve-was provided by two sources: §

)
¥

+
DA
Lol

2
o ) above 60 p.s.i., US59 (DASA 1200)
E telow 60 p. s, i, NOLTR 69-88. ‘ g
This data is listed as Subroutine RP1271 and plotted in ligure 2-1. §
; 2-5, STANDARD 1-KT. NUCLEAR THERMAL FLUX~DISTANCE CURVE FOR SEA-LEVEL ‘é
= CONDITIONS, Tie thermal flux density formula used was Q = 7.96 fW/R®, where 7. 96 includes %
- £
2 the transparency factor (1), the dimensionless factor El-:, and the unit factor to give Q in terms of §
"-' cal, /em,.%, The sea-level, 1-kt. thermal flux density is found plotted in figure 2-2, :;5
i 2-6, ALTITUDE CORRECTIONS-SACHS’ SCALING. The altitude corrections zpplicd are the usual - ,?
as" z =
= Sachs’ scaling relationships: ’iﬁ
'."'I by _ _-}_p 2 %ﬂ
b P, Py ki
- - When: -
3 SN EA ALY B LT :
: “ \V, L ‘v: X
=4 Where: g
{‘ - ::;-
AP, and AP, are cvespressures for point 1 and point 2, respectiveiy, P; and P, are the respective E-
atmospheric pressures, R, and R, are the respeetive ranges, and W, and W, are the respective yields. g
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2-5,1 Subreutinz ARDC provides pressure, temperature, and density of the standard atmosphere,
The data was provided by R, A. Minzer, K. S. W, Ch;xmpion, and H. L. Pond in 8 The ARDC Model
Atamosphers, © 1359, Air Forces Surveys in Geophysics No, 115 (AFCRC-TR-59-267), Air Force
Cambridge Rescarch Center, August 1959,

2-6.2 Using the cverpressure-range curve of Subroutine RP1271 as the kase curve, and the atmos-
pheric pressures generated by subroutine AKDC, the ovcrpressures for any altitude and any cor-
rected yield (in this exercise W, = W,) can be calculated.

2-7, ENERGY PARTITION FOR BLAST AND THERMAL AS A FUNCTION CF ALTITUDE,

yield corrections which are applied are obtained from the more formally corvect radiation-

The

hydredynamic computer code calculations, These corrections ave, unfortunately, functions of yield,
istance, and aititude; but, for the range of hydrodynamic {rent and thermal radiation variables of
interest in this memorandum, the yicld correction is assumed te de 2 simple function of altitude
enly. The simplifications used in this memorandum are siraight-line approximations to the curves
presented in EM-1, and are applied firs? to the overpressure dependent qualities, and then independ-
ently to the thermal radiation, N
2-7.1 The blast yield reduction with altitude function was taken from the effects manuaf, *Capa-
bilities of Nucleax Weapons, 7 1 January 1968, and the thermal partition function was taken from
chapter 3, *'Thermal Radialicn Phenomena, * KN-68-504(R), 26 May 1969. Tuese two functions are
found pletted as figures 2-3 and 24, :\150‘.])10{(0(1 are the straight-line approximations which wera
used in the computer program, :
2-7.2 These stiaight-line approximaticas were used mainly for the purpose of facilitating computer
time, There is no simple functional dependence between altitude and the quantities, and so to aveid
feeding in al} the dzia polats for every possible altitude, the straight-line approximation was adopted,
2~7.3 For the blas? yield reduction curve, the greatest difference occurs :m;und 80 iat,, where
there i< s difference of 8, 02 {approximately 2-percent error) between the curve and the ai&pmxima-
tion, The curve and the approximation agree quite well over the whole altitude range, the error
being less than 1 percent gver most of the range,
2-7.4 The blast yield reduction curve can be compared with a plot of the maximum computed
effective blast yicld in DASA 1200, This glct is shown in figure 2-5, The straight-lne approxima-
tion used in the program was fitted to the curee, not fo the envelope of figure 2-5, because in the
altitude rarge of interest there are anly two computatiens éat 105 Kit.}, and the curve interseets

these points while the envelope does not,  The function used is csnsidered conservative for defense

purposes, as in sure-survival studies on airerait,
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E ? 2-7.5 For the thermal partition function, the greatest difierence occirs around 20 kft,, where
; i - there is & difference of 0, 01 {approximately 2-pexcent error) between the curve and the approxima-
S ]
B tion, For the majority of sititudes, the error {s less then 1 percent,
oo 2-8. PRESENTATION OF SHOCK FRONT PROPERTIES (RANKINE-HUGONIOT RELATIONS)
“ A VERSUS ALTITUL™ CURVES AND THERMAL FLUX DENSITY VERSUS ALTITUDE CURVES.,
3 ! The Rankinedlugoniot relations® anable the calculation of deunsity, density zatio. particle velocity,
i pressure ratlo, shock strength, and dynamic pressure behind the shock front if the peak over- )

%

& : pressure {is given,
: 2-8.1 The program presentod is not the most afficient program because a slight rearrangement of

R Y Y TV

cards s necessary when chauging from interpolation of one quantity to another (i.e., overpressure
to dynamic pressure, deasity to thermal flux density, ete.). The card rearrangement is simple
and straighiforward and preferable to one gigantic, complex program that weuld just be nine pro-

: grams sdded together. This simpie card rearrangement can be seen i the sample programs pre-
. sented in appendix IT,

P 2-8.2 The peak overpressure isovalues ave presected in figure 2-6, the dynamic pressure iso-

: . values in figure 2-7, the particls velocity in figure 2-8, the density ratio in figure 2-9, the parti-
$ cle velaéity x density (Rho-U} in figure 2-19, the pressure ratio in figure 2-11, the shock strength
in figure 2~12, and the density in figure 2-13,

2-8.3 All quantities were plotted from sea level to 109-kft, altitude, except for density, which is

bt per

i fap Qoo s AU O, 0 LI A0 SV i S b S Y me B i O

N Flotted only from sea level to 40 kft. in the most advantageous cases. The reason for this can be 5
: ‘ discerned by doing & few simple calculations, 2
S 2-8.4 The formula for density is DENSITY = 0, 0764575 x DRATIO x ;{% where POVPA= %
) _ﬁ%. Since DRATIO = 1 at sea level, the minimum end maximum valses of DENSITY are 3
E ’” : entirely dependent on the theoretical limits of OVP. ‘g
= I OVP = 0, DENSITY = 0, 076475 f;
£ If OVP = =, DENSITY = 0,076475 X 6= 0,45885 :%
L 2 At 50 K, DRATIO = il 3
== y 0, 011709 2
B Therefore, if OVP = , DENSITY = 0.076475 X gleeerzs X 6, 0. 670254, >
s g 2-8,5 Since the higheat possible value of DENSITY at 50 Iit, is less than the lowest possible value §
5§ of DEKSITY at sea level, it is impossible ta produce a plot that will have an aliitude dependence %

f from sea level to greater than 40 KX, %

2-8,6 The thermal flux dexnsity iscvalues are presented in figure 2-14, g

_ X f’g

= . 4 Glasstone, S. (ed.). "The Effects of Nuclear Weapons, " 1964, ‘j
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2-9, YIELD CORRZCTIONS, Distance approximations for values of yield ther than those presented
in this memorandum may be obtaired by muitiplying the range by the cube root of the yield for hydro-
dyramic properties and the square root of the yield for thermal radiation. Discrepsncies in the
yield-correction factors are masked somewhat by the cube root and square root denendence, but
very lerge yield variations may require more accurate estimates of the yield-corrections {actor as-

prescated in EM-1,
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. ) SECTION 3 E:
2 o
j CONCLUSIONS 4
) 3-1. It is found that overpressure, density, snd Rho-U decrease with increasiog altitude; particle §
velocity, pressare ratio, shock strength, and density ratio incresse with increasging altitude; ther- %
mal flux densiiy and dypamic pressure remain relativeiy unchanged with increasing alsitude. }ﬁ
3-2. This typs of presentation should be very useful in determining approximate sure-kili and/ox g
? ;:
suza-survival ranges for the various serodynamic vehicles. By placing the various isovalues ona :?E
single chart, a sure-kill envelope could be drawn for the range 0 tc 100,000 feet, For exemple, if i
the pure-kill criteria is an overpressure of 2 1, s,1,, a particle velocity of 100 ft, /sec., or a ther- g
X mal flux density of 20 cal, /cm,2, and 2 sure-gurvival criteria is an overpressure of 1 p. 8.5., 2 ‘%
2
particle velocity of 50 ft, /sec., or a thermal flux density of 10 cal. /c.n,?, then the determining 3
sure-kill/sure-survival range for a 1-kt. explosion is entirely Gependent on the particle velcoity, as g
shown in figure 3-1, H“:«E
%
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g PO Figure 3-1, --Free-ficld overpressure (o, s, L) thermal flux donsity =2
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3 . APPENDIX 1 E
2 INTERPOLATION SCHEME -;%5
2 2
7 { The {ntexpolation schere used is a straight-line approximation scheme; i.e., it is assumed that §
‘ in a well-behaved region of a curve, iwo points can be chosen, apd the straight line defined by these %:
gu %
B ; points can be used to generate a value of R that will approach the desired value of R, By repeated
‘ - use of this scheme, the desired value uf R can be approached to within any desired accuracy. The
i{ ; program actuzlly used an accuracy of 0,1 percent in R.

g An initial value of R, is chosen, and then R, is chosen to be equal to 2R;, The scheme is as

NS ot b i M

\ : follows:
slope = f—‘——-—“ ) = f(
= - R
g:ﬁ N -
g ’ obviously, slope= fRy) f(Rdesired)
£ Ry - Riew
| therefore, R = Ry + t.(Rdealregl' &) 3
B 3lope 5

, i Rnew ~Ry| = 0.001R;, then Rnew is indeed R Jesired” £ [Roew = Rgi > 0.801R,, then
4 Ri = R2

R R, = Rne

[

Wik A N e sl b

P
iy

w

and another value of R is generated until the condition of lnncw - R,' = 0, 001R, is met,

. This method of interpolation is valid as long as the foliowing conditions are met:
. Q) fRY)=£f(R)forR;= R,

3

%

:

, 3

: (2). £(R) is continuous over the specified range ?;

. 3) £/ (R) is continuous over the specitied range, 3
Obvicusly, the clozer f (B) i5 to a straight line, the faster this scheme wili work. For this ;
Tesson, since the base curve overpressure plot, which is the main curve for calculating most of cur @

23 quantities, has a dependence on R similar to R—emonent. and QxR™2, a log-log plot was used; that é

4

AT

8 e 0

is, instead of slope = fﬁ’) = fi!, , the formula sloge =
. -

'y

[YN

Yog f(R,) - log f(R;) o
og Ry —tog R, oo used

The usse of this latter formula is more than just & converdence, it is a necessity when R
approaches 0. At this pcint (R= 0), the necessary conditions that £(K) und £/R) be continuous no
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tonger hold. By "flattening™ the cuzrve with the use of log £(R), the discontinuity at R = 0 can be

much more closely approached,
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O. THERMAL FLUX PRINTOUT
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